The effects of different types of storage on nutritional quality values of barley and maize are examined. For this purpose, 3 different storage types, including horizontal-reinforced concrete storage, vertical-reinforced concrete silo and verticalsteel silo were taken into consideration. Nutritional quality values (dry matter, crude protein, crude fat, crude fiber, crude ash, and metabolizable energy) of samples were analyzed in the laboratory in four replicates. Total of 438 samples were collected from each of the stored product stacks during the storage for 12 months. Total average nutritional value losses have been found for barley were 1.74% in horizontal-reinforced concrete storage, 1.23% in reinforced concrete silo, 2.82% in vertical steel silo. These values have been found accordingly as 6.21%, 3.02%, and 2.04% for maize stacks. As a result of this research, the vertical steel silo was determined to be more appropriate for maize storage while the horizontal-reinforced concrete storage structure and vertical reinforced concrete silo were suitable for barley storage. 
Introduction
Containing the desired nutritional value by the feed depends on the sufficient quality of the feedstuffs composing the feed. The basic feedstuffs for feed are grains such as wheat, barley, maize, and oats. (Baran et al 2008) . No matter how high the nutritional quality values of the feedstuffs of feed immediately after the harvest, they will lose these values in a short period of time due to improper storage (Didier et al 2003; Olgun 2013) . Several diseases and digestive disorders emerge on farm animals which are fed with those feeds that lost its nutritional value. As a result, the yield decreases and the farmers fail to obtain the expected earnings (Olgun 2013) . Approximately 13 million tons of grains are lost annually in the world due to improper storage. Also, 100 million tons of grains per year lose the value due to pests. According to researches, post-harvest storage losses may rise up to 10%. Product loss due to storage outside silo is increased up to 15% (Dizlek et al 2008) .
The respiratory and metabolic events in cereal grains continue during storage. Thus, the physical and biochemical changes occur on grains (Iconomou et al 2006) . Some moisture change in grains is usual under normal storage conditions. However, if the humidity and temperature are not controlled in the environment, then the negative conditions such as mold, germination, decay, rancidity occur (Sharma et al 2007) . This in turn may lead to huge losses in economic terms. The main objective of the storage is to protect the initial quality of the product as much as possible (Jones & Shelton 1994) . One of the most problematic issue throughout the post-harvest chain, because devastating pest can cause up to 30% dry matter losses in six months of storage (Golob & Hanks 1990; Boxall 2002) . Volenik et al (2007) , measured the temperature changes in grain bulks when ambient temperatures are 0 °C and 20 °C and relative humidity levels are 55%, 73%, 80% and 98%. They concluded that the stack temperature increases as the temperature increases. Al-Yahya (2001) , examined degradation in cereal grains at 4 °C, 15 °C, 25 °C and 40 °C degrees, under different relative humidity conditions and concluded that the degradation increases further at high temperature and humidity. When effective storage technology is not available, traditional storage technologies often unable to dry and store grain properly can even lead to increased losses during storage (Golob 2002) .
Grains have high initial moisture content. High moisture damages grains by accelerating the mold growth. The moisture content is required to be reduced by drying process. Appropriate moisture level should be 13% for barley and maize. Ambient temperature and relative humidity inside the storage has a direct effect on temperatures in the product stack. The rise in the ambient temperature along with the humidity will cause the rise in temperature and humidity of product stacks. Increases in humidity at low temperatures can damage structural materials and has negative impact on the load-bearing, durability and insulating properties of the building. In both cases, there is a loss of nutritional value of cereal grains in a short period of time. Low humidity and temperature levels are always considered to be the most suitable storage conditions in terms of the protection of nutritional values of the grains. Average internal temperature of the storage should be 4 °C (Dizlek 2012) . As the storage gets higher, ventilation in the storage should be increased at the appropriate levels or transferred to different storages with the appropriate temperature (Şişman & Ergin 2011).
Storage of grains without losing the nutritional value is only possible with the provision of the required environmental conditions. The quality of construction of storage structure, used building and insulation materials, indoor ventilation, heating and cooling systems and the adequacy of storage volume are the most important factors that affect the success of the storage.
The most important quality criteria reflecting the nutritional value of grains used as feedstuffs for feed are dry matter, crude protein, crude fat, crude fiber, crude ash and metabolizable energy values. In this study, measurements of mentioned quality values of barley and maize grains have been made for 12 months in various storage structures. The obtained data are evaluated statistically. As a result, the most appropriate type of storage structure are tried to be determined for barley and maize.
Material and Methods
In this study, changes in nutritional qualities of barley and maize have been studied for different storage types. In order to integrate the difference between storage types, it was paid attention to select the storage structures with the same external climatic conditions and very close to each other. To do this, storage facilities within the same campus of TMO (Turkish Grain Board) in Tekirdağ Office and Luleburgaz Agency in Marmara Region have been considered. Horizontalreinforced concrete storage, vertical -reinforced concrete silo and vertical-steel silo (steel bins) were taken into consideration for the measurement in this region. These storage types have shown in Figure 1 . ) and vertical-steel silo had four fans (each of fan has 4200 m 3 h -1 ). The perforated floor was constructed in horizontal-reinforced concrete storage for air intake and the roof openings were built for air exhaust along the ridge pole of roof.
Samples were taken periodically (in every 15 days) from different depths of each batch of grain stacks which were filled into the storages at the same time. 73 samples were taken from each stack of the stored grains as one immediately before it was taken into the storage and the others during the storage (each sample weight of 1 kg). A total of 438 samples were taken from all grain piles during the 12-month study period and their nutritional quality values (dry matter, crude protein, crude fat, crude fiber, crude ash and metabolizable energy) were examined. Each analysis was conducted in four replications.
Samples were taken in four repetitions from the center and sides corresponding to 25% and 75% of stack heights. Samples taken were prepared for analysis by 1 mm sieve. The guidelines and formulas specified in Kutlu (2008) , Meyer et al (1983) , Nehring (1960) and TSI standarts -4966, 4664 EN ISO 5508, ISO 6541, ISO 20483, ISO 659 were taken into account for sample handling and analysis. The process sequence specified in AOAC (1990) was observed in the analysis to determine the values of the dry matter, crude protein, crude fat, and crude ash. The method specified in Crampton and Maynard (1983) was used to determine the crude fiber values. For the metabolizable energy calculations, equations described in Kutlu (2008) , TSI (1991) and Ergün et al (2004) were used since the study is being conducted under the conditions of Turkey. The temperature and relative humidity also were all taken into account as a factor in the evaluation monitoring in the storage buildings. Temperature and relative humidity data of each stack is transmitted to the computer through using temperature and humidity probes at which 8 different points in stacks (two each from the bottom and the two side of the center level, one each from the center, the top, 25% and 75% levels of stacks).
The whole data transferred to the computer was evaluated by using the multivariate analysis of variance and regression analysis with the help of a packaged software. The evaluation was addressed separately for each grain and each storage type. Accordingly, the average, standard deviation, maximum and minimum measurement values were calculated and it was tried to determine whether effects of different storage types on the measured nutritional quality parameters are important. The results of the analysis were converted into tabular and graphical formats and the obtained information was summarized.
Results and Discussion
Changes in the storage and stack temperatures of barley and maize during 12 months of research are summarized in Figure 2 . As shown in Figure  2 , it was understood that for barley storage, indoor temperatures of vertical steel silos were higher than the other type of silos and also the recommended values in literatures for safe storage (Proctor 1994; Hellevang 1995) . Temperatures measured in maize storages were within acceptable limits except increasing levels measured sometimes in horizontal reinforced concrete storage. As a result of analysis of the samples taken from different storage structures for 12-month period, some important values for the dry matter, crude protein, crude fat, crude ash, crude fiber, and metabolizable energy (max, min, average, and standard deviation) are summarized in Table 2 .
Other significant losses occurred in grains stored in horizontal reinforced concrete storage (Storage 3). Maize has been the grain with the greatest loss among the products stored in Storage 3. While no significant losses found for barley in verticalreinforced concrete silos (Storage 1), maize losses were found to be statistically significant (P<0.01, P<0.05). Barley losses in vertical-steel silos (Storage 2) were found to be statistically significant (P<0.01, P<0.05).
The total loss of nutritional quality value in barley and maize were calculated according to the data obtained from Table 2 . The total loss in barley was found to be 2.84% in horizontal reinforced concrete storage, 2.03%, in vertical reinforced concrete silos, and 4.08% in vertical steel silos. These values were found as 6.92%, 4.56% and 2.14% in maize stacks. Standard deviation values of metabolizable energy parameter were calculated for barley are 20.14 in Storage 1, 19.47 in Storage 2, 10.43 in Storage 3. These values were found as 28.25, 24.10, and 17.9 for maize, respectively. Results of laboratory analysis were statistically evaluated separately for each individual grain type, each grain pile and each storage type. The findings of the calculations are summarized below.
Nutritional value losses of barley
The losses that occur in barley grain stacks in four different storage types are summarized in the following Figure 3 as 2-month periods. The change observed in all nutritional quality values measured from the barley stacks in the vertical reinforced concrete silo was found to be statistically insignificant during the study period. While the changes in amount of dry matter, crude protein and metabolizable energy values in barley stored in horizontal concrete storage structure were found to be statistically significant (P<0.01), but changes in other parameters were found to be insignificant. It is considered that being the internal air conditioning process based on the natural conditions has been effective on the losses in the amount of dry matter, crude protein and metabolizable energy values in barley stored in horizontal concrete storage structure (P<0.01, P<0.05).
At the end of the research period, the loss in the amount of stacks of barley was calculated as 1.54% in horizontal reinforced concrete storage, 1.20% in vertical reinforced concrete silos, and 2.80% in vertical steel silos.
The research area shows rainy and humid features in all seasons. Storage structures have also been near by the sea. Especially, high temperature with high humidity in the external environment causes to impair the quality of barley by rising the stack temperature and humidity in storages have inadequate insulation and ventilation systems. Therefore, the ventilation-heating-cooling systems must be use carefully and sufficient. The moisture content of fresh air taken into must be reduced in some time. The research carried out in the steel silo, it has not been controlled regularly moisture content of fresh air intake has been indicated by workers. Because of insufficient running or capacity of ventilation system caused to increase of losses in vertical steel silos. It can be say that another reason has been continuously loading and unloading process of stack for these losses. These were attributed to the increase in stack temperature and humidity resulting in damaging to product.
It is concluded that this type of storage structure would be appropriate for the storage of barley by ensuring the proper internal environmental conditions and the insulation. As a result of the evaluations, it can be said that vertical reinforced concrete and horizontal reinforced concrete storage structure are preferable for the storage of barley.
Temperature values measured in stacks of barley during the study period vary as per the storage types. Maximum temperatures were measured as 17 °C in the horizontal reinforced concrete storage, 14 °C vertical reinforced concrete silos and 19 °C in vertical steel silos during the summer. Minimum temperatures were measured as 0 °C in the horizontal reinforced concrete storage, 1 °C vertical reinforced concrete silos and -1 °C in vertical steel silos during the winter. During the research, the disruption of the air cooling system in concrete silos has led to the stack temperature rise at some times. It can be say that this is why higher temperature was measured. Insufficient ventilation and cooling systems caused to increase the indoor temperature and humidity levels.
Nutritional value losses of maize
The losses that occur in maize grain stacks in three different storage types are summarized in the following Figure 4 as 2-month periods. Examining the figure indicates that the vertical steel silo is more suitable for the storage of maize under all circumstances. As a result of the evaluation of the data obtained during the research period, the losses in the vertical steel silos were found insignificant.
Losses in the nutritional values in other storage types were found to be statistically significant (P<0.01, P<0.05). At the end of the research period, the loss in the amount of stacks of maize was calculated as 5.30% in horizontal reinforced concrete storage, 3.06% in vertical reinforced concrete silos, and 1.72% in vertical steel silos.
Differences in storage types have impact on the temperature of the maize stacks. Maximum temperatures were measured as 20 °C in the horizontal reinforced concrete storage, 14 °C vertical reinforced concrete silos and 14 °C in vertical steel silos during the summer. Minimum temperatures were measured as 4 °C in the horizontal reinforced concrete storage, 5 °C vertical reinforced concrete silos and 6 °C in vertical steel silos during the winter.
Conclusions
According to the data obtained, it is concluded that the horizontal reinforced concrete storage structure and vertical reinforced concrete silos for barley and the vertical steel silos for maize are the most economical and appropriate storage types in terms of the protection of the nutrient quality values and reduction of the losses in quantity. Horizontal reinforced concrete storage seems to be a suitable storage structure on condition the use of high quality building material with right insulation and air-conditioning. However, large internal volume of the building has the effect of increasing the costs required for air-conditioning. This storage type may not be economical for farmers nowadays.
Vertical-reinforced concrete silos are the most appropriate storage type especially for the storage of barley, since it allows automation systems to be used easily. Vertical-steel silo is the most commonly used type of storage today. The biggest advantage is the ease of construction and installation. However, it is very important to provide the waterproofing well between the bottom-floor and steel covering material mounted on top, especially in flat bottom vertical-steel silos. In addition, because of the thermal conductivity characteristics of steel material, the internal air- 
